Implementation of a financial incentive program was associated with improved appointment attendance at a safety-net hospital-based primary care HCV treatment program. A randomized trial to establish efficacy and broader implementation potential is warranted.
Introduction
Hepatitis C (HCV) infection is a significant health threat, with increasing incidence rates in the setting of the opioid crisis. Many patients miss appointments and cannot initiate treatment. We implemented financial incentives to improve appointment attendance in a primary care-based HCV treatment setting.
Methods
We conducted a systems-level financial incentives intervention at the Adult Primary Care HCV Treatment Program at Boston Medical Center which provides care to many patients with substance use disorders. From April 1 to June 30, 2017, we provided a $15 gift card to patients who attended appointments with an HCV treatment provider. We evaluated the effectiveness of the incentives by 1) conducting a monthly interrupted time series analysis to assess trends in attendance January 2016-September 2017; and 2) comparing the proportion of attended appointments during the intervention to a historical comparison group in the previous year, April 1 to June 30, 2016.
Results 327 visits were scheduled over the study period; 198 during the intervention and 129 during the control period. Of patient visits in the intervention group, 72.7% were attended relative to 61.2% of comparison group visits (p = 0.03). Appointments in the intervention group were more likely to be attended (adjusted odds ratio 1.94, 95% confidence interval 1. 16-3.24 ). Interrupted time series analysis showed that the intervention was associated with an PLOS 
Introduction
Approximately 3.5 million persons in the United States are infected with the hepatitis C virus (HCV) [1] , with a recent steep increase in new HCV infection in the setting of the ongoing opioid crisis [2] . HCV infection is a frequent cause of end-stage liver disease and mortality in the US, with approximately 18,000 liver deaths in 2016 [3] . With rapid advancements in HCV treatment, achieving sustained virologic response (SVR) is now possible in many patients. However, HCV-infected patients need to follow several steps along a care continuum to achieve optimal health outcomes. These steps include diagnosis of HCV infection, linkage to care with an HCV treatment provider, retention in care for a liver fibrosis staging process, treatment initiation, and monitoring. Several studies have demonstrated that patients are lost to follow-up at several points along the care continuum, and that large gaps exist between current practice and treatment goals for HCV infection [4] . Strategies to address loss to follow-up include utilizing case managers or patient navigators [5, 6] to help guide patients through the treatment process, and co-locating services (e.g. primary care and HCV treatment) [7, 8] . Additional strategies include providing financial incentives for appointment attendance. Financial incentives have been shown to increase attendance rates at counseling sessions among patients with substance use disorders [9] . Among patients with HCV infection and a history of substance use prescribed 12 weeks of a sofosbuvir-containing regimen, a recent pilot study [10] demonstrated successful implementation and acceptance of financial incentives for attendance at clinic appointments, adherence to HCV medication, and achievement of SVR. This study took place at an infectious disease clinic and liver center in an academic medical center. We are unaware of prior studies that have studied the use of financial incentives in primary care-based HCV treatment settings or to incentivize visit attendance prior to the prescription of HCV medication. Therefore, our objective was to evaluate the effectiveness of a financial incentive program to improve appointment attendance at a safety-net hospital-based primary care HCV treatment program.
Methods

Design overview
We implemented a systems-level financial incentives intervention in the Adult Primary Care HCV Treatment Program at Boston Medical Center (BMC), the largest safety-net hospital in New England serving many patients with substance use disorder. Program details have been described elsewhere [8] . A multidisciplinary team, including general internists trained to treat HCV ("HCV provider"), a case manager, a pharmacy technician, and a clinical pharmacist staffed the HCV treatment program. Patients attend multiple appointments until treatment completion in the program. These appointments include 1) the initial visit with an HCV A financial incentive program and appointment attendance at a primary care hepatitis C treatment program PLOS ONE | https://doi.org/10.1371/journal.pone.0228767 February 11, 2020 2 / 10 role in guiding us with the study analysis. The funders had no role in study design, data collection, decision to publish, or preparation of the manuscript.
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provider (MD or NP); 2) liver staging procedures (e.g. transient elastography to estimate level of fibrosis and abdominal ultrasound); 3) the follow-up visit with an HCV provider where a decision to treat is made; 4) visits with a clinical pharmacist for medication teaching, medication adherence counseling and ascertainment of side effects; and 5) a follow-up visit with an HCV provider three months after treatment completion to ascertain SVR, a proxy for cure [11, 12] . All patients referred to the program for HCV treatment who had active infection with a confirmed viral load were eligible to receive financial incentives for attendance at any HCV related appointment during the study time period. We "turned on" the financial incentives intervention from April 1 to June 30, 2017. We chose these months to test the intervention in order to minimize the impact of severe weather (e.g. snow storms) and holidays on appointment attendance. Patients with HIV co-infection and/or decompensated cirrhosis were not eligible to receive incentives as they receive HCV care in specialty settings at BMC. We compared appointment attendance among HCV patients between April 1 and June 30, 2017 (intervention group) and between April 1 and June 30, 2016 (historical comparison group).
Interventions
We implemented the incentives at three different steps of the HCV care continuum: 1) the initial visit with an HCV provider; 2) the follow-up visit with an HCV provider; and 3) the follow-up visit with an HCV provider 3 months after treatment completion to ascertain SVR (SVR visit). We provided a $15 gift card to Target or CVS for patients who attended any one of these designated appointments with an HCV provider (maximum payout = $45). The HCV program case manager informed patients about the incentive for appointment attendance at the time of scheduling. However, not all patients were aware of the incentives prior to their initial appointment, as some patients did not schedule their appointments through the case manager (they used the call center, front desk, etc.). The case manager ran weekly reports to identify patients scheduled for a qualifying HCV appointment who would be eligible to receive a gift card during the upcoming week. Four HCV providers treated the majority of the patients, and they provided the gift cards directly to their patients after the appointment. For patients seeing other providers, the case manager provided each patient the gift card individually after the visit. Thus, even those who were not notified of the incentives beforehand were still provided a gift card if they attended an eligible appointment during the intervention period. The case manager and HCV providers documented provision of gift cards in the electronic health record (EHR).
We could not reach some of the patients to inform them of the financial incentive prior to their scheduled appointment during the intervention period. However, it is possible that some patients could have heard about the incentive from other patients in our practice. Patients who received the financial incentive for their initial visit would have been aware of the incentive for their follow-up visit, if that visit took place during the intervention period.
Measures
We extracted EHR data on patients' age, sex, race, city of residence (Boston vs. other cities), insurance, whether the patient was homeless, whether the patient was treatment naive, had a history of active substance use defined as having used illicit drugs within the 12 months prior to the scheduled appointment, receipt of direct acting antiviral (DAA) used to treat HCV, duration of therapy, whether there was therapy discontinuation, and whether the patient achieved SVR. We also collected data on HCV providers scheduled and whether the HCV provider was the patient's primary care provider (PCP).
The primary independent variable was whether the visit was scheduled during the time period when patients were eligible to receive financial incentives for appointment attendance. The primary outcome was whether the qualifying HCV appointment was attended. All data were routinely collected during the course of clinical care. A research assistant (VT) performed chart reviews to ascertain appointment attendance and provision of gift cards.
Analysis
We evaluated the effectiveness of the incentives on promoting appointment attendance by 1) conducting a monthly interrupted time series analysis to account for underlying trends in attendance rates over the entire study period from January 2016 to September 2017 and assess for the impact of the intervention; and 2) comparing the proportion of attended appointments during the intervention period to a historical comparison group of patients scheduled for HCV treatment in the previous year, April 1 to June 30, 2016. We used logistic regression to evaluate missed versus attended appointments and generalized estimating equations to account for clustering of multiple appointments by the same patient. Based on established and hypothesized predictors of appointment attendance in primary care [13, 14] , the model included the following potential confounders: patient's age, sex, race, city of residence (Boston vs. other cities), insurance, whether the patient was homeless and whether the HCV provider was the patient's PCP. Correlation coefficients for predictors were below 0.60, suggesting absence of collinearity.
Ethical considerations
An important consideration in designing an incentive program are the legal restrictions on "patient inducement." Federal law [15] prohibits health care providers from offering items of value to beneficiaries of federal health care programs (e.g. Medicare and Medicaid) if the items are likely to influence the patient's choice of provider, items or services. Among other safeguards, our study did not offer cash or cash equivalents (e.g. debit card), and we used a nominal incentive amount to minimize its influence on the patient's choice. The government's most recent regulatory position is that there is an important difference between promoting access to care and rewarding patients for accessing care; the latter is disfavored.
The Boston University Medical Campus Institutional Review Board approved the study. We did not obtain consent from patients since this was a system level intervention and the study poses no more than minimal risk to patients. The need for consent was waived by our ethics committee.
Results
Three hundred twenty-seven patient visits corresponding to 241 unique patients were scheduled over the entire study period; 198 visits during the intervention period (by 149 patients) and 129 visits (by 94 patients) during the control period. About one-third of patients in each group were women (52/149 of intervention patients and 32/94 of control patients). Patients were relatively young, with a mean age of 47 years (standard deviation 13.5). Nearly half (47%) of patients were non-Hispanic whites, and 74% had Medicaid insurance. Thirty-two percent of patients had homelessness documented in the past year. Patients in each group did not differ by age, race, insurance, or housing status. 147/149 (98%) of intervention patients vs. 92/94 (98%) of control patients were treatment naïve, and 43/149 (29%) of intervention patients vs. 24/94 (26%) of control patients had active substance use history defined as having used illicit drugs within the 12 months prior to the scheduled visit. These differences were not statistically significant. More patients in the intervention period (25/87; 29%) received sofosbuvir/ velpatasvir than in the control period (3/45; 7%; p = 0.003). Fewer patients in the intervention group were treated with ledipasvir/sofosbuvir (57/87; 66%) vs. control group (37/45; 82%; p = 0.04). Duration of therapy was either 8 or 12 weeks, depending on the clinical scenario. Very few patients in either group received other DAAs (e.g. elbasvir/grazoprevir, sofosbuvir/velpatasvir/voxilaprevir, etc). 82/87 (94%) of intervention patients who received treatment achieved SVR, relative to 45/45 (100%) of control patients. 5/87 (6%) of intervention patients were lost to follow-up relative to none of the control patients. One percent of intervention patients discontinued treatment, vs. 2% of control patients; all of these patients achieved SVR. Between 2016 and 2017, the program expanded and more PCPs were trained to treat HCV. During the control period, appointments were scheduled with 7 HCV providers, and during the intervention period, appointments were scheduled with 12 HCV providers including 5 HCV providers who were scheduled to see the majority of HCV patients (91/94) during the control period. Table 1 summarizes the demographic characteristics of patient visits according to appointment attendance during the control and intervention periods, respectively.
Of all patient visits in the intervention group, 72.7% were attended relative to 61.2% of comparison group visits (p = 0.03). 70.7% of visits during the intervention period were by patients who were informed of the incentive. Among this subgroup, 78% of appointments were attended. Fifty-one percent of patients attended the initial visit in the control period, while 70% of patients attended the initial visit in the intervention period (p = 0.02). Sixty-eight percent of patients attended the follow-up visit in the control period, while 72% of patients attended the follow-up visit in the intervention period (p = 0.72).
In multivariable analyses, patient appointments in the intervention group were more likely to be attended (adjusted odds ratio [aOR] 1.94, 95% confidence interval [CI] 1.16-3.24, p = 0.01). Appointments by patients aged 41 to 64 were more likely to be attended (aOR 2.05, 95% CI 1.09-3.86, p = 0.03) compared to those by patients aged 18 to 40. Appointments by women (aOR 1.84, 95% CI 1.03-3.26, p = 0.04) were also more likely to be attended ( Table 2) .
Interrupted time series analysis showed that the intervention was associated with an average increase of 15.4 attended visits per 100 appointments scheduled compared to the period prior to the intervention (p = 0.01). During the three-month post-intervention period, 133 patients had appointments scheduled, and there was a significant downtrend in attendance with a monthly rate of 5.1 additional missed appointments per 100 appointments (p<0.01), even though there was no significant trend over the entire study period (p = 0.11). In the post-intervention period, appointment attendance was lower than that observed in the pre-intervention period, and lower than that observed in the same time period of the previous year (Fig 1) .
Discussion
Our study showed that implementing financial incentives to improve appointment attendance is feasible in a safety-net hospital-based primary care HCV treatment setting. We also showed that financial incentives are associated with improved appointment attendance in this setting, particularly among middle-aged patients and women. Our study extends the work of Wohl et al, who demonstrated that implementation of financial incentives to improve attendance at clinic appointments and to achieve SVR is feasible and acceptable in specialty settings. While Wohl et al focused on patients with HCV infection and a history of substance use who had been prescribed HCV therapy, our study included patients with HCV infection regardless of their substance use history, and intervened on patients prior to receipt of HCV therapy. Many of our HCV treating providers are also waived to prescribe buprenorphine. By increasing appointment attendance, our intervention may also promote patient engagement in medication-assisted therapy for opioid use disorders.
The decrease in appointment attendance after our intervention concluded suggests that the incentives may have been effective. Following the withdrawal of the incentives, patients who were aware of the incentives and had visits scheduled during the post-intervention period may have been less motivated to attend these appointments. Existing evidence from the field of behavioral economics [16] shows a potential for financial incentives to undermine intrinsic motivation in behavior change. This may help to explain why the effect of the intervention was not sustained after the intervention period ended. A future cost-effectiveness analysis is recommended to determine whether it is advantageous to offer a financial incentive program to sustain appointment attendance. Sustainability of the financial incentive program beyond the funding period has been a challenge. In order to explore this issue in real-world setting, we presented our findings to hospital leadership. We argued that if we can increase appointment attendance and provide treatment to more patients, the hospital will also benefit. Under the US 340b drug pricing program, manufacturers provide medications at significant discounts to 340b covered entities such as safety-net hospitals. Such hospitals are able to dispense these discounted medicines, while Medicaid and private insurers reimburse at full-market price. The 340b program can therefore generate net positive returns, which programs can reinvest in care delivery systems in an effort to improve outcomes [17] . However, providing financial incentives to promote access is a complex and evolving area, and legal or compliance consultation is required before implementing an incentive program, especially outside the clinical trial context.
Our study has several limitations. We did not conduct a randomized controlled trial; we used a historical control group. Therefore it is possible that there were unmeasured differences between the intervention and comparison groups that we did not control for in our analyses. The study was conducted at a single institution, and thus findings may not be generalizable to other settings. In addition, small sample size in some subgroups and relatively short post-intervention period limits our ability to detect an association. In addition, further studies are needed to evaluate if increased attendance rate led to more treatment initiation and SVR.
Implementation of a financial incentive program was associated with improved appointment attendance at a safety-net hospital-based primary care HCV treatment program. A randomized trial of the intervention to establish efficacy and broader implementation potential is warranted.
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